Alcohol consumption is a significant public health issue worldwide. The rat model and epidemiological studies have both reported conflicting results about the effects of alcohol on the kidneys. We aimed to explore the relationships between alcohol consumption and chronic kidney disease. Data from the National Health Interview Survey, the National Health Insurance research database, and the National Deaths Dataset were used. Standardized in-person interviews were executed in 2001, 2005, and 2009 to obtain the demographic characteristics of study population. The participants were followed up until 2013. The primary outcome was new-onset chronic kidney disease. We analyzed 45,200 adults older than 18 years (50.8% men and 49.2% women), and the overall mean (SD) age was 42.73 (16.64) years. During the 8.5 (3.5) years of follow-up, new-onset chronic kidney disease was recognized in 1535 (5.5%), 292 (2.7%), and 317 (4.9%) non-drinking, social-drinking, and regular-drinking participants, respectively. The participants who were social and regular drinkers had a significantly decreased risk of chronic kidney disease incidence (social drinking: adjusted hazard ratio (HR), 0.85; 95% confidence interval (CI), 0.74-0.97; p = 0.018; regular-drinking: AHR, 0.85; 95% CI, 0.74-0.98; p = 0.024), with baseline demographics and comorbidities adjusted. In conclusion, social and regular drinkers had decreased risk of chronic kidney disease when compared with non-drinkers.
Introduction
Alcohol consumption is a significant global public health issue. Moderate alcohol consumption is associated with a lower risk of cardiovascular complications [1] , whereas abundant alcohol consumption is a well-confirmed risk factor for hepatitis, pancreatitis, cardiovascular events, and cancer [2, 3] . However, the influence of alcohol on kidney morphology and performance remains poorly understood.
Animal studies on this topic had conflicting results. Ethanol administration in rats showed particular alterations in the renal antioxidant system and glutathione status [4, 5] . Polyphenols, which are found in beverages, such as red wine, also have antioxidant effects [6, 7] . However, another rat model showed that ethanol may increase blood pressure and angiotensin II type 1 receptor expression, causing glomerular morphology changes. This may lead to renal corpuscle and glomeruli atrophy and reduced glomeruli volume [8] .
In epidemiological research, the link between alcohol consumption and kidney function remains inconclusive. Several cross-sectional research has shown negative correlations between drinking and the prevalence of chronic kidney disease (CKD) [9] [10] [11] . Studies from Taiwan, Japan, and Korea reported that alcohol consumption was reversely associated with the existence of CKD [9] [10] [11] . A cross-sectional study in Taiwan analyzed 15,353 women and 11,900 men in middle-age. The result showed that alcohol consumption was negatively associated with the presence of stage 3 CKD only in men [9] . Another cross-sectional study in Korean with 5251 participants revealed that alcohol consumption was inversely associated with a reduction in the estimated glomerular filtration rate in men [10] . In Japan, a cross-sectional study analyzed 292,013 individuals that were aged more than 40 years and reported that mild to moderate alcohol drinking was associated with a lower prevalence of proteinuria [11] . However, causality is poorly demonstrated in cross-sectional studies. Several cohort studies have also reported diverse results. A population-representative cohort study in Australia indicated that daily alcohol consumption was correlated to a higher risk of albuminuria, but a lower risk of estimated glomerular filtration rate eGFR <60 mL/min/1.73 m 2 [12] . A community-based cohort study in the USA investigated the effect of alcohol on kidneys in an elderly population (>65 years old) and found no significant association between the quantity of weekly ethanol consumption and kidney function deterioration [13] . The quantity of alcohol that was consumed weekly was related to a lower risk of developing CKD in a population-based cohort study in the Netherlands [14] . Based on these conflicting results, the impact of alcohol on the kidneys remains inconclusive. Thus, we used data that were representative of the Taiwan population to explore the relationships between alcohol intake and development of CKD.
Materials and Methods

Data Collection
We used data from the National Health Interview Survey (NHIS) in 2001, 2005, and 2009 ; the National Health Insurance research database; and, the National Deaths Dataset. All data were composed, organized, and explored in the Health and Welfare Data Science Center of Ministry of Health and Welfare in Taiwan. The National Health Interview Survey selected participants while using a multistage stratified systematic sampling design. Participant information, including education, income, marriage status, and lifestyle behaviors, were obtained during in-person interviews. The National Health Insurance research database comprises medical information of nearly 99% of Taiwanese people, including ambulatory and inpatient care.
Ethical Statement
The Taipei City Hospital Institutional Review Board permitted this research (TCHIRB-10709107-W). Informed consent was obtained from all patients.
Alcohol Consumption
Information of alcohol consumption was obtained by asking three questions: "Do you currently drink alcohol?", "How often do you drink?", and "Do you usually get drunk?" The main exposure variable, alcohol consumption, was then categorized into three categories: non-drinker (currently no drinking), social drinker (less than once a week), and regular drinker (more than once a week, including both inebriated or not) [15, 16] .
Determination of CKD
Comorbidities were recognized from the health care insurance information. Disease diagnosis in the National Health Insurance research database was coded with the International Classification of Disease, 9th Revision Clinical Modification (ICD-9-CM). The participants were considered to have a comorbidity if the diagnosis code presented in three or more outpatient claims or one hospitalization claim. The dependent variable of this research was CKD (ICD-9-CM codes 580-589) [17] .
Potential Confounders
Participant information, including socioeconomic status, marriage status, education level, and health behaviors, was collected by well experienced interviewers. Information regarding fruit and vegetable consumption was collected by the questions "How many days do you eat fruit in a week?" and "How many days do you eat vegetables in a week?" The answers were "never, <1 time, 1-2 times, 3-5 times, and daily". Obesity was determined as body mass index that was greater than 27 kg/m 2 [18] , as suggested by the Health Promotion Administration of Ministry of Health and Welfare. Information regarding physical activity during leisure time was estimated while using the calculation: activity intensity code (kcal/min) × frequency per week (times) × duration for each time (minutes) [19] . Comorbidities were documented from the diagnosis codes of the National Health Insurance research database, including diabetes mellitus (ICD-9-CM code 250), hypertension (ICD-9-CM codes 401-405), urolithiasis (ICD-9-CM codes 592.0, 592.1, 594.0, 594.1), and gouty arthritis (ICD-9-CM code 274).
Study Design
This was a nationwide prospective cohort study. Subjects that were aged more than 18 years old were selected from the 2001, 2005, and 2009 NHIS. Those with a diagnosis of CKD in the medical insurance record before the interview date were excluded. The follow-up duration began since the interview date and censored on the date of incident CKD, death, or Dec 31, 2013, which ever come first.
Statistical Analysis
CKD survival curves were drawn by means of the Kaplan-Meier method with differences across the three categories of alcohol consumption being assessed by the log-rank test. We used non-drinkers as the reference group to calculate the hazard ratios (HRs) and 95% confidence intervals (CIs) for CKD by univariable and multivariable Cox proportional-hazards regression models. The following variables were adjusted in the multivariable Cox models: age, gender, education, weekly intake of vegetables and fruit, physical activity during leisure time, and comorbidities, including diabetes mellitus, hypertension, urolithiasis, and gouty arthritis. Data analyses were generated in SAS 9.4 (SAS Institute, Cary, North Carolina, NC, USA).
Results
There were 48,604 adults older than 18 years that participated in the three rounds of the NHIS in 2001, 2005, and 2009. After excluding those already diagnosed with CKD (n = 1365), unidentified sex (n = 1), and unavailable information on alcohol consumption (n = 1918), there were 45,200 participants that were enrolled in the investigation. Among them, 22,971 were male (50.8%) and the mean (SD) age was 42.73 (16.64) years old. The follow-up period was 8.5 (3.5) years. Figure 1 presents the Kaplan-Meier curves of the three categories of alcohol consumption, which indicated a significant difference (p < 0.001). Table 1 shows the result of the univariable Cox regression model to examine the baseline characteristics and comorbidities of study participants. Regarding the alcohol consumption categories, 27,781 (61.5%), 10,997 (24.3%), and 6422 (14.2%) of participants were categorized as non-drinkers, social drinkers, and regular drinkers, respectively. During 384,502 person-years of follow-up, new-onset CKD was recognized in 1535 (5.5%), 29 (2.7%), and 317 (4.9%) participants who were non-drinkers, social-drinkers, and regular-drinkers, respectively. When compared with non-drinkers, participants who were social and regular drinkers had decreased risks of CKD (social drinking: hazard ratio (HR), 0.57; 95% confidence interval (CI), 0.50-0.65; p < 0.001; regular-drinking: HR, 0.93; 95% CI, 0.82-1.05; p = 0.24). Older age, male gender, widowed/divorced/separated, obesity, and former smokers were correlated with a higher risk of incident CKD. The univariable Cox model revealed that subjects with diabetes mellitus, hypertension, hyperlipidemia, urolithiasis, and gouty arthritis had increased risk of incident CKD (p < 0.001). Table 1 shows the result of the univariable Cox regression model to examine the baseline characteristics and comorbidities of study participants. Regarding the alcohol consumption categories, 27,781 (61.5%), 10,997 (24.3%), and 6422 (14.2%) of participants were categorized as non-drinkers, social drinkers, and regular drinkers, respectively. During 384,502 person-years of follow-up, new-onset CKD was recognized in 1535 (5.5%), 29 (2.7%), and 317 (4.9%) participants who were non-drinkers, social-drinkers, and regular-drinkers, respectively. When compared with non-drinkers, participants who were social and regular drinkers had decreased risks of CKD (social drinking: hazard ratio (HR), 0.57; 95% confidence interval (CI), 0.50-0.65; p < 0.001; regular-drinking: HR, 0.93; 95% CI, 0.82-1.05; p = 0.24). Older age, male gender, widowed/divorced/separated, obesity, and former smokers were correlated with a higher risk of incident CKD. The univariable Cox model revealed that subjects with diabetes mellitus, hypertension, hyperlipidemia, urolithiasis, and gouty arthritis had increased risk of incident CKD (p < 0.001). Table 2 shows the result of the multivariable Cox regression model to recognize independent risk factors for the occurrence of CKD. The main exploratory variable is alcohol consumption, and the controlled variables included age, gender, education, vegetable, fruit, physical activity, obesity, smoking status, diabetes, hypertension, urolithiasis, and gouty arthritis. After controlling for potential confounders, those with social and regular drinking habits had significantly decreased risks of incident CKD (social drinking: (AHR), 0.85; 95% CI, 0.74-0.97; p = 0.018; regular-drinking: AHR, 0.85; 95% CI, 0.74-0.98; p = 0.024). In addition, a significant dose-response association between alcohol drinking and a decreased risk of CKD was found while using the trend test (p for trend = 0.009). Other variables that increased the risk of incident CKD included age, male gender, obesity, former smoking, diabetes mellitus, hypertension, urolithiasis, and gouty arthritis. Factors that were associated with decreased risk of incident CKD were high education level and vegetable intake more than five days a week. The dose-response relationship between alcohol consumption and incident chronic kidney disease was evaluated using the trend test (p for trend = 0.009). Abbreviations: CI, confidence interval. * Adjusted Hazard Ratio = 1.049; 95% CI, 1.045-1.053; p < 0.001.
Discussion
This 13-year cohort study revealed that participants with social or regular drinking habits had significantly reduced risk of the development of CKD when compared with non-drinkers.
The impact of alcohol on kidney function has not been well investigated. There are several possible protective mechanisms of alcohol on kidney function. Ethanol and polyphenol both have anti-oxidative effects and ethanol improves polyphenol absorption, thereby contributing to bioavailability [4] [5] [6] .
Furthermore, alcohol has an anti-inflammatory effect, with increased serum interleukin-10 levels and decreased serum interleukin-16 levels [20] . Alcohol consumption can raise high-density lipoprotein cholesterol concentration [21, 22] , improve insulin sensitivity [23] , and reduce platelet aggregation rate and fibrinolysis [21, 22] . Alcohol consumption, including vodka and red wine, also reduced serum insulin concentrations and enhanced the insulin sensitivity index [24, 25] . A moderate amount of alcohol drinking decreases the risk of developing diabetes, showing a U-shaped association [26] .
Prior epidemiological research had shown a roughly negative relationship between alcohol consumption and the risk of CKD. Some cross-sectional studies have reported that alcohol drinking was inversely associated with prevalence of CKD.
Matsumoto et al. analyzed data from 292,013 subjects aged more than 40 years who joined in a health checkup between 2008 and 2009 in Japan. The study indicated that alcohol consumption was inversely related with the prevalence of CKD, defined as eGFR < 60 mL/min/1.73 m 2 [11] . However, nearly 60% of participants were omitted from the statistical analysis owing to missing data, which may lead to selection bias. Hsu et al. analyzed information from a health checkup database in Taiwan during 2003 and 2009. The cross-sectional study disclosed that alcohol consumption was inversely related with existence of stage 3 CKD in Taiwanese males [9] . Nevertheless, the frequency of alcohol consumption was obtained while using a self-reported questionnaire and the amount consumed was not available. Kim et al. analyzed data from a cross-sectional health and nutrition survey in Korea in 2011 and reported that mean daily alcohol intake was reversely associated with a reduction in eGFR in Korean males [10] . However, albuminuria might be the initial indicator of renal dysfunction, not eGFR.
Prior cohort studies have revealed diverse results regarding the association between alcohol consumption and development of CKD. A five-year population-representative cohort study in Australia enrolled 6259 adults aged more than 25 years from 1999 until 2005. The results showed that daily alcohol consumption was associated with an increased risk albuminuria development, but a reduced risk of eGFR < 60 mL/min/1.73 m 2 [12] . The frequency and quantity of alcohol intake was composed while using a self-administered validated food frequency questionnaire. Heavy drinkers may have selective reporting and under-reporting, which could lead to bias. Another prospective community-based cohort study in the USA enrolled 4343 subjects aged ≥65 years. The results showed no significant association between weekly alcohol intake and kidney function deterioration, which was defined as eGFR reduction more than 3 mL/min/1.73 m 2 per year [13] . The generality of the study is limited, because only elderly individuals were investigated. Koning et al. performed a prospective nationwide cohort study in Netherlands, including 5476 subjects aged 28-75 years enrolled in 1997 and followed until 2012. The results revealed that the quantity of alcohol consumed per week was inversely associated with a decreased risk of incident CKD, which was defined as eGFR less than 60 mL/min/1.73 m 2 or microalbuminuria [14] . The alcohol classification did not distinguish non-drinkers and former drinkers and the beverage type was not available.
There were several limitations that should be mentioned. The data set did not contain laboratory data and the CKD diagnosis was dependent on the ICD-9-CM code. However, the possibility of misclassification was low, because the National Health Insurance overlays more than 97% of the Taiwan population and all of the medical records must be uploaded and then reviewed by the National Health Insurance Administration with high accuracy. Participants' baseline characteristics, including weight, height, education, marriage status, household income, smoking, drinking, diet, and exercise habits, were self-reported, and recall bias should be concerned. The survey questions did not distinguish non-drinkers and former drinkers, and former drinkers were categorized as non-drinkers. Former drinkers are mostly remarkable, as their health status may be worse, and morbidity and mortality are higher than never drinkers [27] . In addition, the beverage type and exact amount of alcohol consumed were not available in the dataset. However, previous studies have not revealed beverage-specific associations [28] . Figure 1 showed the crude follow up condition of the three drinking groups. The detailed differences among the three drinking groups are analyzed by the univariable and multivariable Cox model. In the univariable Cox model, it may not meet the proportional hazard assumption. Not only the univariable analysis, but also the non-proportionality, may affect the multivariable model.
The current study enrolled 45,200 subjects, which was a representative cohort for the Taiwan population. The follow-up period was 13 years, which was long enough to observe the development of CKD; thus, the research had appropriate power. Furthermore, we adjusted for nearly all potential confounding variables, including age, sex, body mass index, socioeconomic status, vegetables, fruit, smoking, and exercise habits, and comorbidities.
Conclusions
Our study revealed that alcohol consumption was associated with a decreased risk of incident CKD. The mechanism by which alcohol influences the progress of CKD remains uncertain. Further study is warranted to investigate the influence of alcohol on the pathogenesis of CKD. However, drinking in excess of the recommended limits is not suggested for CKD prevention due to harmful health effects.
